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Table 1

Formulation and proximate composition of the experimental diets.

Diets LSP MSP HSP
Fish meal” 2.5 2 1.5
Soybean meal 30 25 20
Cottonseed meal 25 20 15
Rapeseed meal 17.5 15 12.5
hE¥y |Wheat flour 18.8 31.8 44.8
Soybean oil 2 2 2
Soybean lecithin 1 1 1
Monocalcium phosphate 2 2 2
Vitamin and mineral premix” 1 1 1
Choline chloride 0.2 0.2 0.2
Total 100 100 100
Analyzed composition (% dry matter)
Dry matter 89.6 86.2 88.3
Crude protein 38.2 34.5 30.5
Crude lipid 5.49 5.55 5.59
Starch 13.1 22.5 32.3
Crude fiber 7.01 6.12 5.18
Ash 8.76 8.08 7.35
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Fig. 1. Growth trajectory of tilapia during the feeding trial. Data are expressed
as means = SEM (n = 4). Different letters indicate significant differences
among treatments at the same sampling time. LSP, 13.1% starch and 38.2%
protein; MSP, 22.5% starch and 34.5% protein; HSP, 32.3% starch and 30.5%
protein.
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Table 2

Feed utilization and biometric parameters of tilapia fed experimental diets for 8

weeks.
Diets LSP MSP HSP

TIFRIREL  Feed efficiency ratio 0.99 + 0.01?* 1.02 = 0.02°%* 0.96 + 0.01°
IBBE  Feed intake (g/fish) 124 + 3P 108 =4° 4 112+4 4
EEZE  Protein efficiency ratio 2.52 + 0.01> 2.87 + 0.06"* 3.04 = 0.03°*
FEHEITEER Protein productive value (%) 41.7 = 1.0° 48.0 + 0.9°> t 469 + 0.4° 1t
AEE A2  Lipid productive value (%) 142 + 92 172 = 5° t 192+ 9P U
AEi#®E  Condition factor 3.80 + 0.09° 3.53 = 0.11*>  3.41 = 0.09* 4
HWAEIS2Y  Viscerosomatic index (%) 8.74 + 0.05*  9.56 = 0.27° 11.37 + 0.31°%
FFAEfEZL Hepatosomatic index (%) 2.45 = 0.16° 3.53 = 0.16"% 4.06 + 0.10° *
ASR=BERALL, Intraperitoneal fat ratio (%) 0.54 + 0.04% 0.75 = 0.08 1.13 + 0.09° 4

Data are expressed as means = SEM (n = 4). Different letters indicate sig-
nificant differences among treatments. LSP, 13.1% starch and 38.2% protein;
MSP, 22.5% starch and 34.5% protein; HSP, 32.3% starch and 30.5% protein.
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Table 3
Plasma biochemical indices of tilapia fed experimental diets for 8 weeks.

Diets LSP MSP HSP

Glucose (mmol/L) 2.02 + 0.09° 410 + 0.18° 4.65 + 0.32° T
Triglyceride (mmol/L) 1.10 £ 0.09? 1.46 + 0.23° 412 + 0.18° T
Cholesterol (mmol/L) 2.23 = 0.13 2.15 = 0.09 1.89 + 0.17
Protein (g/L) 46.2 + 0.6 46.8 + 0.3 45.6 + 0.2

Data are expressed as means + SEM (n = 4). Different letters indicate sig-
nificant differences among treatments. LSP, 13.1% starch and 38.2% protein;
MSP, 22.5% starch and 34.5% protein; HSP, 32.3% starch and 30.5% protein.
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Table 4
Proximate composition in the whole-body, liver and white muscle of tilapia fed
experimental diets for 8 weeks (% wet weight).

Diets Initial LSP MSP HSP
Whole-body moisture ~ 81.1 73.7 = 04> 726 = 0.3° 71.8 = 0.42
Whole-body protein 11.4 15.8 + 0.4°> 15.8 = 0.1° 14.7 + 0.2°
28 [Whole-body lipid 2.31 7.03 + 0.41* 817 + 0.32*  9.63 * 0.47°
Whole-body ash / 3.77 = 0.20 3.82 £ 0.19 3.83 = 0.18
Liver moisture / 73.2 = 0.6°  69.7 = 1.32 68.8 = 1.0%
FTBE Liver protein / 9.72 + 014> 9.02 + 0.41°® 874 + 0.21°
Liver lipid / 5.74 + 0.09° 6.61 = 0.25° 9.19 + 0.21°
Muscle moisture / 78.5 = 0.2 77.6 £ 1.0 78.9 + 0.7
AR Muscle protein / 202 + 0.3 204 = 0.8 18.7 + 0.5
Muscle lipid / 1.25 + 0.10° 1.48 + 0.09°® 1.81 + 0.12°

Data are expressed as means = SEM (n = 4). Different letters indicate sig-
nificant differences among treatments. LSP, 13.1% starch and 38.2% protein;
MSP, 22.5% starch and 34.5% protein; HSP, 32.3% starch and 30.5% protein.
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Table 5

Glycogen concentrations and glucose metabolic enzymatic activities in the liver and white muscle of tilapia fed experimental diets for 8 weeks.
Diets LSP MSP HSP
Liver PFK activity (U/mg protein) 4.57 * 0.43 6.70 + 0.53" 5.38 + 0.45%°
Liver PCK activity (U/mg protein) 393 + 12° 290 + 17° 327 + 87
Liver glycogen (mg/g) 111 = 4° 123 = 3° 142 + 3°
Muscle HK activity (U/g protein) 254 + 1.1 25.7 + 1.3 27.1 + 1.2
Muscle PFK activity (U/mg protein) 80.1 = 3.7° 105.6 * 6.6" 109.8 + 4.0°
Muscle glycogen (mg/g) 2.25 + 0.11° 2.72 + 0.15% 421 + 0.17°

Data are expressed as means = SEM (n = 4). Different letters indicate significant differences among treatments. PFK, phosphofructokinase; PCK,
phosphoenolpyruvate carboxykinase; HK, hexokinase. LSP, 13.1% starch and 38.2% protein; MSP, 22.5% starch and 34.5% protein; HSP, 32.3% starch
and 30.5% protein.
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Fig. 3. Relative expression of genes involved with glucose transport and utilization in the liver of tilapia. Data are expressed as means + SEM (n = 4). Different
letters indicate significant differences among treatments. glut, glucose transporter; gck, glucokinase; pfkl, liver type of phosphofructokinase; pfkm, muscle type of
phosphofructokinase; gys, glycogen synthase; pck, phosphoenolpyruvate carboxykinase; gépc, glucose-6-phosphatase catalytic subunit; acc, acetyl-CoA carboxylase;
acly, ATP citrate lyase; fas, fatty acid synthase. LSP, 13.1% starch and 38.2% protein; MSP, 22.5% starch and 34.5% protein; HSP, 32.3% starch and 30.5% protein.
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Fig. 4. Relative expression of genes involved with glucose transport and utilization in the white muscle of tilapia. Data are expressed as means = SEM (n = 4).
Different letters indicate significant differences among treatments. glut, glucose transporter; hk, hexokinase; pfkm, muscle type of phosphofructokinase; gys, glycogen
synthase; acc, acetyl-CoA carboxylase; fas, fatty acid synthase. LSP, 13.1% starch and 38.2% protein; MSP, 22.5% starch and 34.5% protein; HSP, 32.3% starch and

30.5% protein.
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Fig. 2. Changes in plasma glucose level of tilapia after a glucose load. Data are
expressed as means +* SEM (n = 6). Lower-case letters indicate significant
differences with sampling time within each treatment. Upper-case letters in-
dicate significant differences among treatments at the same sampling time. LSP,
0- 1 T T T T 13.1% starch and 38.2% protein; MSP, 22.5% starch and 34.5% protein; HSP,
2 4 6 8 10 32.3% starch and 30.5% protein.
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